Aims Heart failure (HF) burden is displaying significant inter-regional differences within Europe and within countries. Due to limited data focusing on regional differences, our aim was to evaluate HF hospitalizations, readmissions, and mortality burden in Slovenian statistical regions.
Introduction
Despite the reduction in mortality due to cardiovascular (CV) disease in recent decade, CV disease remains the leading cause of death in Slovenia and European countries. 1, 2 The prevalence of heart failure (HF), the end stage of several CV diseases, is decreasing due to better prevention and management of CV diseases and is estimated at around 2%. 3 Patients with HF have significantly reduced health-related quality of life and worse outcomes in terms of morbidity and mortality. 4, 5 This makes HF an important public health problem, which is mainly reflected by high socio-economic burden and high dependency on health care services. 4, 6, 7 Similarly to CV disease, HF burden is displaying significant inter-regional differences within Europe, with eastern European countries reporting higher mortality rates. 2, 8 Such an East-West health gap, a variation in CV prevalence, mortality, risk factors, and other determinants of health are not apparent only across a continent (e.g. Europe) but is also seen on a national level. 1, 9 In the USA, similar observations have been reported: lower socio-economic status and lower number of primary care physicians per inhabitant were related to higher mortality rates at level of counties and states. [10] [11] [12] In Europe and Slovenia, limited epidemiologic data that focus on inter-regional differences at a national level are available for HF. Our aim was to evaluate HF hospitalizations, readmissions, and mortality burden in Slovenian statistical regions.
Methods

Study design and sample
This was a nationwide, retrospective, epidemiologic, observational study in patients aged 20 years or over who were hospitalized with HF in Slovenia between 2004 and 2012. Hospitalization data were obtained from the National Hospital Discharge Registry and coupled with National Death Registry both of the National Institute of Public Health using unique person identification number. We excluded HF hospitalizations where patients had permanent residence outside Slovenia, were younger than 20, had mismatch between date of death and admission, and were missing region of permanent residence.
Slovenia is a central European country with about 2 million inhabitants who are divided into 12 different statistical regions ( Table 1 ). The number of residents in each statistical region in 2011 varied from 44 222 (Zasavska) to 533 213 (Osrednjeslovenska) with a mean number of 166 369 (Table 1) . Slovenia has a universal Bismarckian type of social insurance health care system. Most of the inpatient care is delivered by state-owned hospitals that include regional general hospitals, specialized clinics (e.g. psychiatric, pulmonary, obstetric, or orthopaedics), rehabilitation clinics, and two tertiary centres. Reporting to the National Hospital Discharge Registry is mandatory for all Slovenian hospitals.
Collection of the data and HF hospitalization definitions were reported previously. 13, 14 In brief, we documented hospital stay, hospital identificator, sex, age, co-morbidities, statistical region of permanent residence, and date of death of all patients' HF hospitalizations. The HF hospitalization was defined as a hospitalization between 2004 and 2012 where HF was coded in any of the discharge diagnoses (ICD-10 diagnosis codes: I50-I50.9, I42-I42.9, I11.0, I13.0, and I13.2).
No informed consent was required from the participants in this study, because the data were analysed and reported anonymously. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Slovenian National Medical Ethics Committee (Approval No. 55/10/14).
Definitions of study endpoints
Endpoints of the study were main HF hospitalization, first HF hospitalization, in-hospital mortality during first HF hospitalization, mortality after first HF hospitalization (30 days and 1 year), and HF readmission after first HF hospitalization (30 days and 1 year). The main HF hospitalization was defined as a hospitalization, where HF was coded as the principal diagnosis of the hospitalization. The first HF hospitalization was defined in line with similar studies 15, 16 ; if there was no report of hospitalization where HF was one of the discharge diagnoses in the previous 4 years, the index HF hospitalization was considered as the first one. Consequently, the data for first HF hospitalizations were available for the period 2008-12.
Statistical analysis
Numbers of annual age-standardized and sex-standardized main and first HF hospitalizations, in-hospital, 30 day and 1 year mortality, and 30 day and 1 year HF readmissions per 100 000 population were calculated for each Slovenian statistical region. ANOVA was used to determine trends and mean yearly change in standardized HF hospitalization, mortality, and readmission rates. Rates were standardized using a direct standardization method for sex-specific 5-year age groups (20-24 to 95-99, and >100 years) and referenced to the 2011 Slovenian population from annual reports of the Statistical Office of the Republic of Slovenia. 17 Different mixed effects were used to determine the effect of Slovenian statistical regions on mortality and HF readmission after first HF hospitalization, corrected for patients' demographics and co-morbidities. In logistic regression models, we included statistical region, sex, age, year of admission, treatment in intensive care unit, and co-morbidities as independent variables as a fixed effect and a hospital identificator as a random effect. By including the hospital identifier in logistic regression models as a random effect, we were able to correct for possible differences in care between hospitals. Odds ratios (OR) with 95% confidence intervals were calculated, where the region with the largest population and highest number of events (Osrednjeslovenska) was chosen as a reference. Statistical software R 3.2.2 (R Development Core Team) and R package lme4 18 were used for the analyses, and P < 0.05 was considered statistically significant.
Results
During the study period, there were 2 430 748 hospitalizations due to any disease in Slovenia, 158 303 (6.5%) of those were with HF. After exclusion (638 residence outside Slovenia CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HF, heart failure; IHD, ischaemic heart disease; IQR, interquartile range. 
Mortality and heart failure readmissions
During first HF hospitalization, 8235 (18.9%) patients died, while of those that were discharged alive, 679 (3.9%) and 7865 (18.0%) died within 30 days and 1 year, respectively ( Table 1 ). In-hospital mortality was highest in Podravska statistical region and lowest in Zasavska statistical region ( Table 1 ; Supporting Information, Figure S1 ). In multiple logistic regression, the OR for in-hospital mortality were lowest in Pomurska, Koroška, Savinjska, Goriška, and Posavska (Figure 1) . Among the included predictors, presence of cancer, stroke, and pneumonia had the highest odds for inhospital mortality (Supporting Information, Figure S2 ). Annual 30 day and 1 year mortality rates after first HF hospitalization were highest in Zasavska and Posavska statistical regions and lowest in Osrednjeslovenska, Gorenjska, and Obalno-kraška statistical regions ( Table 3 ). In multiple logistic regression, the OR for 30 day and 1 year mortality were similar between Osrednjeslovenska and any other statistical region, except for Pomurska and Gorenjska, which had lower OR for 1 year mortality (0.650 and 0.847, respectively) ( Figure 2) . Among the included predictors, male sex, presence of myocardial infarction, chronic kidney disease, and cancer had the highest odds for 30 day or 1 year mortality after the first HF hospitalization (Supporting Information, Figure S3 ). After first HF hospitalization, 4119 (9.4%) and 9499 (21.8%) of patients had 30 day and 1 year HF readmission, respectively. Annual 30 day and 1 year readmission rates after first HF hospitalization were highest in Zasavska and Posavska statistical regions, while lowest in Osrednjeslovenska statistical region ( Table 4 ). In multiple logistic regression, the OR for 30 day and 1 year readmission were similar between Osrednjeslovenska and any other statistical region, except for Koroška and Obalno-kraška, which had higher OR for 30 day and 1 year readmission (Figure 3) . Among the included predictors, male sex, presence of cancer, chronic kidney disease, pulmonary disease, myocardial infarction, and diabetes mellitus had the highest odds for 30 day or 1 year readmission after the first HF hospitalization (Supporting Information, Figure S4 ).
Discussion
The national trends in main HF hospitalization, first HF hospitalization, 30 day mortality, and 1 year mortality rates have decreased, while 30 day and 1 year readmission rates have increased. While most of the statistical regions followed national trends, there were some exceptions. In terms of overall HF hospitalization, mortality, and readmission rates, differences between regions were seen. Zasavska, Posavska, and Prekmurska statistical regions had the highest HF burden in terms of standardized hospitalization, mortality, and readmission rates. When considering each individual patient, no important differences in mortality and readmission endpoints between statistical regions were present. The most important predictors for mortality and readmission were sex, age, and co-morbidities, such as cancer, myocardial infarction, stroke, chronic kidney disease, and pulmonary disease.
In our study, the highest standardized rates were shown in the regions with the lowest socio-economic status 19 and those with high prevalence of CV risk factors, 20 while regions with high HF hospitalization rates had also high mortality and readmission rates. Studies from other countries also reported differences in regional HF hospitalization rates. Casper et al. 11 showed that most of the HF hospitalization burden came from specific areas in the USA with the highest prevalence of risk factors for CV disease. Furthermore, Ogunniyi et al., 10 in the study in Medicare beneficiaries hospitalized due to HF in Tennessee catchment area, reported that counties with higher HF hospitalization rates were in general those with lower primary care physician to Medicare beneficiaries ratio and that HF hospitalization rates were higher in rural counties. On the other hand, European study investigating potentially avoidable hospitalizations in the Spanish regions of Castile and Leon found the opposite. 21 Patients from different countries have significant differences in HF characteristics and in treatment outcomes as highlighted in this subanalysis of CIBIS-ELD trial. 22 From data presented in our study, we can stipulate that such differences might occur between different regions inside countries as well.
Patient's demographics and co-morbidities have a crucial role in the development of readmission and mortality. While it has been shown that women develop HF later than men, 23 men have higher mortality when compared with women of equal age, as shown in our study. Not surprisingly, co-morbidities, such as cancer, myocardial infarction, stroke, chronic kidney disease, and diabetes, are associated with higher mortality, while arterial hypertension and ischaemic heart disease were associated with lower mortality. An interesting result previously reported in German study showed that patients hospitalized with arterial hypertension and previous myocardial infarction had lower mortality. 3 We believe that patients with arterial hypertension represent overall healthier patients with fewer other co-morbidities, whereas patients hospitalized with advanced or severe HF are frequently hypotensive. In recent years, there have been a decreasing trends of mortality after HF hospitalization, consistent with other European countries. 24, 25 In Slovenia, general trend of reducing HF mortality could be explained by the reduction of CV risk factors 26 and improvement in the care of HF patients. 27 Even though the adherence to guidelines in the managing of HF is improving, there is still room for improvement and better detection of patients at risk. [28] [29] [30] Proportions of in-hospital mortality and outcomes after discharge for first HF hospitalizations have shown large regional variations. Also, standardized mortality and readmission rates were different between regions, and large differences in trends between regions were observed. Even though there were significant differences in standardized HF hospitalization, mortality, and readmission rates between statistical regions, each comparable patient from different regions had the same odds for mortality or readmission endpoints. Differences in standardized rates might reflect the differences in patient's characteristics between regions. This was tested by the use of multiple logistic regression modelling where factors that influence the outcomes are included. The OR for each variable therefore reflects the difference in similar patients-same sex, age, admission year, and with the same co-morbidities. 31 Analysis showed most regional differences in prevalence of CV risk factors, comorbidities, and demographics were not influenced. Furthermore, by including hospital identifier as a random effect to correct the model for possible hospital specific properties that influence the outcomes also did not influence the findings. 32 Because the majority of the patients in a region were hospitalized in a regional general hospital, the inclusion of the random effect is important to minimize the confounding on regional effects. Still, there are some possible region-specific relevant factors with effect on outcomes. In the models, we could not include socio-economic status of the patients nor could we correct for the possible differences in HF severity, access to health care services, admission policies in hospitals, referrals from primary care, and outpatient management. Heart failure is one of the most important reasons for health expenditure 6 and is the most common cause for hospitalization in Slovenia. 1 HF is a condition for which effective outpatient care and interventions can potentially prevent the need for hospitalization, prevent readmissions, and complications or more severe disease. 4, 33 Many of the risk factors for HF (e.g. hypertension, diabetes mellitus, obesity, and acute myocardial infarction) are largely preventable with a combination of appropriate prevention programmes and access to quality medical care. From the data presented in this study, we can presume that reasons for higher mortality rates are mostly due to high prevalence of HF hospitalizations and difference in patients' demographics and comorbidity profiles. The regions that had high mortality rates overlap with those with high HF hospitalization rates, while risk-adjusted OR between regions are comparable. This highlights the need for targeted preventive programmes in regions with the highest HF burden.
Strengths and limitations
This study on a national level provided with important data on regional variability of HF hospitalizations, mortality, and readmission. We were able to analyse 'real life' patients with HF and compare it between statistical regions. To our knowledge, this is the first study that evaluated regional differences in HF hospitalizations and outcomes after HF hospitalization in such a comprehensive way. Our results highlight regions with the highest HF burden and the need for preventive programmes in order to reduce the differences between regions.
There were also limitations to this study. Firstly, the accuracy of the National Hospital Discharge Registry relies on the data entered by the contributing hospitals. However, all hospitals are using standardized methodology, and coding practices during the study period remained unchanged. Even though no validation studies into this database exist, a meta-analysis of several similar registries has concluded that the data in administrative registries for HF are reliable. 34 Secondly, the registry does not record the use of medications; therefore, in the multiple logistic regression analysis, we were unable to control for prescribed medications. Thirdly, because the registry does not specify whether an individual diagnosis is recorded for the first time, we have used an observational period of 4 years to define the first HF hospitalization. Some patients were therefore incorrectly identified as having first HF hospitalization, but considering the frequency of HF hospitalizations, it is likely that this was only a small or even negligible proportions of patients. Similar methodology has already been used 24, 35 ; thus, we believe that the use of such methodology provided with accurate analysis.
Conclusions
In this observational, epidemiological study of a nationwide HF hospitalization database, we found that even though there were significant differences between regions in standardized HF hospitalization, mortality, and readmission rates, there were no differences between regions in odds for mortality and readmission for an individual patient. High mortality rates correlated with high prevalence of HF hospitalizations, which highlights the need for targeted preventive programmes in regions with the largest burden of HF. Figure S1 . In-hospital mortality percentage per statistical region. 1 -Osrednjeslovenska, 2 -Prekmurska, 3 -Podravska, 4 -Koroška, 5 -Savinjska, 6 -Zasavska, 7 -Posavska, 8 -Jugovzhodna Slovenija, 9 -Gorenjska, 10 -Primorskonotranjska, 11 -Goriška, 12 -Obalno-kraška. Figure S2 . Multiple logistic regression models for in-hospital mortality: Demographics and comorbidities. Results are shown as odds ratios with 95% confidence intervals. * per 10 year increase, ** per 1-year increase. Abbreviations: COPDchronic obstructive pulmonary disease, ICUintensive care unit. Figure S3 . Multiple logistic regression models for 30-day and 1-year mortality: Demographics and comorbidities. Results are shown as odds ratios with 95% confidence intervals. * per 10 year increase, ** per 1-year increase. Abbreviations: COPDchronic obstructive pulmonary disease, ICUintensive care unit. Figure S4 . Multiple logistic regression models for 30-day and 1-year readmission: Demographics and comorbidities. Results are shown as odds ratios with 95% confidence intervals. * per 10 year increase, ** per 1-year increase. Abbreviations: COPDchronic obstructive pulmonary disease, ICUintensive care unit.
